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(54) GAMMA CORRECTION CIRCUrT 

(57)Abstract: 

PURPOSE: To provide a gamma correction circuit 
implementing gamma capacitor by linear approximation 
without the use of a ROM. 

CONSTITUTION: The gamma correction circuit whose . — 

characteristic is divided into plural regions in which each 

region is approximated by a straight line to apply gamma 1 * •"'^ — ^ 

correction to input data is provided with plural shift 
registers 2 shifting an inputted digital video signal, plural 
1st adders 3 adding outputs of a prescribed shift register 
2, plural registers 5 storing a border of plural regions, 
plural 2nd adders 4 adding the content of the register 5 
and the output of the 1st adder 3, a judging means 1 
comprising a decode circuit combining gate circuits 
judging to which region of plural regions the digital video 
signal is included, and a selector 6 selecting the output 
signal of the 1 st adder 3 or the 2nd adder 4 based on 
the result of judgement of the judging means 1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the gamma correction circuit which divides a gamma property into two or more fields, 
approximates each field in a straight line, and performs the gamma correction of input data Two or more 
shift registers which shift the digital video signal to input, and two or more first adding machines adding the 
output of said predetermined shift register, Two or more registers which memorize the boundary value of 
two or more of said fields, this predetermined register, and two or more second adding machines adding the 
output of said first adding machine, The gamma correction circuit characterized by constituting from a 
decision means to judge whether said digital video signal is included to which field of two or more of said 
fields, and a selector which chooses and switches the output signal of said first adding machine and the 
second adding machine based on the decision result of said decision means. 

[Claim 2] In the gamma correction circuit which divides a gamma property into two or more fields, 
approximates each field in a straight line, and performs the gamma correction of input data Two or more 
shift registers which shift the digital video signal to input, and a decision means to judge whether said digital 
video signal is included to which field of two or more of said fields, The selector section which carries out at 
least 1 selection output of the output of two or more of said shift registers based on the decision result of 
said decision means, The gamma correction circuit characterized by constituting from an adding machine 
adding the boundary value from a boundary value setting means to set up the boundary value of two or more 
of said fields based on the decision result of said decision means, and the output signal and boundary value 
setting means from said selector. 

[Claim 3] In the gamma correction circuit which divides a gamma property into two or more fields, 
approximates each field in a straight line, and performs the gamma correction of input data Two or more 
shift-amount adjustable shift registers which shift the digital video signal to input, A decision means to 
judge whether said digital video signal is included to which field of two or more of said fields, A shift- 
amount setting means to set up the shift amount of two or more of said shift-amount adjustable shift 
registers based on the decision result of said decision means, The first adding machine adding the signal 
from said two or more shift-amount adjustable shift registers, The gamma correction circuit characterized by 
constituting from the second adding machine adding the boundary value from a boundary value setting 
means to set up the boundary value of two or more of said fields based on the decision result of said 
decision means, and the output signal and boundary value setting means from said first adding machine. 
[Claim 4] In the gamma correction circuit which divides a gamma property into two or more fields, 
approximates each field in a straight line, and performs the gamma correction of input data The 
multiplication machine which carries out the multiplication of the predetermined scale factor to the digital 
video signal to input, and a decision means to judge whether said digital video signal is included to which 
field of two or more of said fields, A scale-factor setting means to set up the predetermined scale factor in 
which said multiplication machine carries out multiplication based on the decision result of said decision 
means, The gamma correction circuit characterized by constituting from an adding machine adding the 
boundary value from a boundary value setting means to set up the boundary value of two or more of said 
fields based on the decision result of said decision means, and the output signal and boundary value setting 
means from said multiplication machine. 

[Claim 5] Said field decision means is claim 1 characterized by constituting from a decoding circuit which 
combined the gate circuit, claim 2, and a gamma correction circuit according to claim 3 or 4. 
[Claim 6] Said boundary value setting means is claim 2 characterized by constituting from two or more 
registers, and a gamma correction circuit according to claim 3 or 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the amended circuit which carries out straight- 
line approximation with respect to a gamma (gamma) amendment circuit. 
[0002] 

[Description of the Prior Art] As a conventional gamma correction circuit, as shown in drawing 7 , write as 
a table the gamma property in which the request carried out straight-line approximation in ROM 10, inputted 
the digital video signal (chrominance signal) as the address, read the data corresponding to this address, it is 
made to output, and ROM 10 was provided for every signal of R, G, and B if needed. However, in order to 
have written as a table many gamma properties in which the request carried out straight-line approximation 
in ROM 10, storage capacity became large and high integration of about [ that ROM becomes expensive ], a 
gate array, etc. was difficult. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention solves the trouble described above, and ROM is 
not used, but the gamma correction by straight-line approximation is performed, and it aims at high 
integration of gate-array-izing etc. offering an easy gamma correction circuit. 
[0004] 

[Means for Solving the Problem] In the gamma correction circuit which divides a gamma property into two 
or more fields, approximates each field in a straight line, and performs the gamma correction of input data in 
order that this invention may solve an above-mentioned technical problem Two or more shift registers 
which shift the digital video signal to input, and two or more first adding machines adding the output of said 
predetermined shift register, Two or more registers which memorize the boundary value of two or more of 
said fields, this predetermined register, and two or more second adding machines adding the output of said 
first adding machine, A decision means to constitute from a decoding circuit which combined the gate 
circuit which judges whether said digital video signal is included to which field of two or more of said 
fields, It constitutes from a selector which chooses and switches the output signal of said first adding 
machine and the second adding machine based on the decision result of said decision means. 
[0005] Moreover, it sets in the gamma correction circuit which divides a gamma property into two or more 
fields, approximates each field in a straight line, and performs the gamma correction of input data. Two or 
more shift registers which shift the digital video signal to input, and a decision means to judge whether said 
digital video signal is included to which field of two or more of said fields, The selector section which 
carries out at least 1 selection output of the output of two or more of said shift registers based on the 
decision result of said decision means, It constitutes from an adding machine adding the boundary value 
from a boundary value setting means to constitute from two or more registers which set up the boundary 
value of two or more of said fields based on the decision result of said decision means, and the output signal 
and boundary value setting means from said selector. 

[0006] Moreover, it sets in the gamma correction circuit which divides a gamma property into two or more 
fields, approximates each field in a straight line, and performs the gamma correction of input data. Two or 
more shift-amount adjustable shift registers which shift the digital video signal to input, A decision means to 
judge whether said digital video signal is included to which field of two or more of said fields, A shift- 
amount setting means to set up the shift amount of two or more of said shift-amount adjustable shift 
registers based on the decision result of said decision means, The first adding machine adding the signal 
from said two or more shift-amount adjustable shift registers, It constitutes from the second adding machine 
adding the boundary value from a boundary value setting means to set up the boundary value of two or more 
of said fields based on the decision result of said decision means, and the output signal and boundary value 



setting means from said first adding machine. 

[0007] Moreover, it sets in the gamma correction circuit which divides a gamma property into two or more 
fields, approximates each field in a straight line, and performs the gamma correction of input data. The 
multiplication machine which carries out the multiplication of the predetermined scale factor to the digital 
video signal to input, and a decision means to judge whether said digital video signal is included to which 
field of two or more of said fields, A scale-factor setting means to set up the predetermined scale factor in 
which said multiplication machine carries out multiplication based on the decision result of said decision 
means, It constitutes from an adding machine adding the boundary value from a boundary value setting 
means to set up the boundary value of two or more of said fields based on the decision result of said 
decision means, and the output signal and boundary value setting means from said multiplication machine. 
[0008] 

[Function] Since it constituted as mentioned above, it sets in the gamma correction circuit of this invention. 
Divide a gamma property into two or more fields, and it judges whether said digital video signal to input is 
included to which field of two or more of said fields. The value (aX) which carried out the multiplication of 
the inclination (a) of the straight line (Y=aX+b) corresponding to the field to said digital video signal (X) to 
input is computed, and it is outputting as a signal (Y) which added initial value (b) to the result as boundary 
value, and carried out the gamma correction to it. 
[0009] 

[Example] Hereafter, based on a drawing, the gamma correction circuit by this invention is explained to a 
detail. Drawing 1 , drawin g 2 , drawing 3 , and drawing 4 are the important section block diagrams showing 
one example of the gamma correction circuit by this invention. 

[0010] In drawing, it judges in which field of the field the area A of XA - whose level are five of E fields of 
XE 1 has the level of the digital video signal (chrominance signal) Sc which is a field decision means to 
constitute from a decoding circuit which combined the gate circuit, and is inputted. 2 is the shift register 
circuit of two or more 8 bit patterns. It shifts to shift register 2b and the 1-bit low order which are shift 
register 2a which shifts to a 1-bit high order and outputs the twice as many signal Sea as this, and shift 0, 
and output the signal Scb of actual size. It constitutes from shift register 2e which shifts to shift register 2d 
which shifts to shift register 2c which outputs the 1/2 twice as many signal Sec as this, and 2-bit low order, 
and outputs the 1/4 time as many signal Scd as this, and triplet low order, and outputs the 1/8 time as many 
signal See as this. 3 is the first adding machine and consists of adding-machine 3a adding Sea from said shift 
register 2a, and shift register 2d Scd, adding-machine 3b adding Scb and See, and adding-machine 3c adding 
Sec and See. The output of adding-machine 4b which 4 is the second adding machine and adds the output of 
said first adding-machine 3b, and the output of the below-mentioned register 5b, and first adding-machine 
3a, It constitutes from adding-machine 4e adding the output of 4d of adding machines and adding-machine 
3of ** first c adding the output of adding-machine 4c adding the output of the below-mentioned register 5c, 
and first adding-machine 3b, and a below-mentioned register 5d output, and the output of the below- 
mentioned register 5e. 6 is a selector and is carrying out the selection output of the output from said the first 
adding-machine 3c and second adding-machine 4b, adding-machine 4c, 4d of adding machines, and adding- 
machine 4e with the signal from said field decision means 1 . 

[001 1] Moreover, in drawing 2 , the block of the same function as drawing 1 is made into the same notation, 
and 16 is a selector, and is choosing and outputting the combination of said shift register 2 based on the 
signal from said field decision means 1. 13 is the first adding machine and is adding the combination output 
of the shift register 2 which said selector 16 chooses. 15 is a boundary value setting means, and is choosing 
and outputting the register which memorizes the predetermined boundary value Sy with the signal from said 
field decision means 1. 14 is the second adding machine, adds the output of the first adding machine 13 to 
the boundary value Sy from said boundary value setting means 15, and is outputting it as a gamma 
correction output signal. 

[0012] moreover, drawing 3 - setting - the block of the same function as drawing 1 and drawing 2 - the 
same notation - carrying out - **** - 12 - the shift-amount adjustable shift register of 8 bit patterns - it is 
- first shift-amount adjustable shift register 12a and second shift-amount adjustable shift register 12b - 
constituting - the digital video signal of said 8 bit patterns - a predetermined amount shift - it is carrying 
out. 17 is a shift-amount setting means and has set up each shift amount of said shift-amount adjustable shift 
register 12 with the decision signal from said field decision means 1. 

[0013] Moreover, in drawing 4 , the block of the same function as drawing 1 , drawing 2 , and drawing 3 is 
made into the same notation, and 22 is a multiplication machine and is carrying out the multiplication of the 
predetermined scale factor to said digital video signal to input. 27 is a scale-factor setting means and has set 
up the predetermined scale factor which carries out multiplication with said multiplication machine 22 with 



the decision signal from said field decision means 1. 

[0014] In the above configuration, the actuation is explained below. Drawing 3 is a gamma characteristic 
curve, divided the input video signal Sc of 256 gradation into XA=0-51, XB=52-102, XC=103-153, 
XD=1 54-204, and five fields of XE=205-256, and has obtained the straight-line approximation curve which 
set the output in the boundary point to boundary value 0, and b2, b3, b4 and b5, and made sequential 
connection in a straight line than Zero O. For example The inclination al of the straight line (Yl=alXA) in 
Field A 0.625, the straight line in Field B The inclination a2 of (Y2=a2 XB+b2) The inclination a5 of a 
straight line [ in / for the inclination a4 of a straight line / in / for the inclination a3 of the straight line 
(Y3=a3 XC+b3) in 1.125 and Field C / 2.25 and Field D / (Y4=a4 XD+b4) / 1.125 and Field E ] (Y5=a5 
XE+b5) is set to 0.625. The boundary value at this time respectively It is assumed that it is b2=31, b3=88, 
b4=202, and b5=259. Now, supposing the level of the digital video signal Sc to input is X= 60, level judges 
the field decision means 1 to be the field B of XB=52-102, and the selector 6 is carrying out the selection 
output of the output of second adding-machine 4b. That is, b2=31 memorized to register 5b are added to 
output S3b=67 of first adding-machine 3b which added output Sce=7 of shift register 2e to output Scb=60 of 
shift register 2b by second adding-machine 4b, and Y2=a2xXB+b2= 1.1 25x60+3 1=67+3 1=98 are outputted. 
Drawing 4 is drawing having shown the condition of the shift register in this example with the binary 
number of 8 bits. If the level of the digital video signal Sc inputted like this example shifts 60 (001 1 1 100B) 
to a 1-bit high order, it will be set to 120 (01 1 1000B) twice as many as this, and it will be set to 30 
(0001 1 HOB) 1/2 twice as many as this if it shifts to 1-bit low order conversely. 3 bit shifts of the case of 
this example were carried out to low order, and it has obtained 7 (000001 1 IB). 

[0015] Although actuation of the block diagram of drawing 1 was explained, the example same about the 
case of drawing 2 explains the above below. Now, supposing the level of the digital video signal Sc to input 
is 60, the field decision means 1 judges that level is the field B of XB=52-102, and is carrying out the 
selection output of output-signal Sce=7 of output-signal Scb=60 whose selector 16 is shift register 2d, and 
shift register 2e. Said selector 16 added Scb=60 which carry out a selection output, and Sce=7, outputted 
SI 3=67, and has inputted the first adding machine 13 into the second adding machine 14. On the other hand, 
the boundary value setting means 1 5 carried out the selection output of the register 1 5b which memorizes 
b2=31 with the field B signal of the decision result of said field decision means 1, and has inputted it into 
the second adding machine 14. The second adding machine 14 adds b2=31 of the SI 3=67 and the boundary 
value setting means 15 from said first adding machine, and is outputting Y2=67+3 1=98. 
[0016] Below, the example same about the case of drawing 3 explains. Now, supposing the level of the 
digital video signal Sc to input is 60, the field decision means 1 will judge that level is the field B of (52- 
102), and the shift-amount setting means 17 will have set the shift amount of 0 and shift-amount adjustable 
shift register 12b as 3 for the shift amount of shift-amount adjustable shift register 12a based on this decision 
signal field B. Therefore, from shift-amount adjustable shift register 12a of a shift amount 0, output-signal 
Scl2b=7 from shift-amount adjustable shift register 12b of a shift amount 3 are outputted for output-signal 
Scl2a=60. The first adding machine 13 added output-signal Scl2b=7 inputted from output-signal Scl2a=60 
and shift-amount adjustable shift register 12b inputted from said shift-amount adjustable shift register 12a, 
and has inputted SI 3=67 into the second adding machine 14. On the other hand, the boundary value setting 
means 15 carried out the selection output of the register 15b which memorizes b2=31 with the field B signal 
of the decision result of said field decision means 1, and has inputted it into the second adding machine 14. 
The second adding machine 14 adds b2=31 of the SI 3=67 and the boundary value setting means 15 from 
said first adding machine, and is outputting Y2=67+3 1=98. 

[0017] Below, the example same about the case of drawing 4 explains. Now, supposing the level of the 
digital video signal Sc to input is 60, the field decision means 1 will judge that level is the field B of 
XB=52-102, and will have set up scale-factor a2=1.125 in which the scale-factor setting means 27 carries 
out multiplication to the multiplication machine 22 based on this decision signal field B. The multiplication 
machine 22 carried out the multiplication of the scale-factor a2=1.125 which said scale-factor setting means 
27 sets as the level X= 60 of said digital video signal Sc to input, and, as a result, has inputted S22=67 into 
the adding machine 14. On the other hand, the boundary value setting means 15 carried out the selection 
output of the register 15b which memorizes b2=31 with the field B signal of the decision result of said field 
decision means 1, and has inputted it into the adding machine 14. An adding machine 14 adds b2=31 of the 
S22=67 and the boundary value setting means 15 from said multiplication machine 22, and is outputting 
Y2=al XB+b2=67+31=98. 
[0018] 

[Effect of the Invention] As explained above, according to the gamma correction circuit by this invention, it 
constitutes from a shift register, a gate circuit, a register, an adding machine, etc. Divide a gamma property 



into two or more fields, and it judges whether said digital video signal to input is included to which field of 
two or more of said fields. The value (aX) which carried out the multiplication of the inclination (a) of the 
straight line (Y=aX+b) corresponding to the field to said digital video signal (X) to input is computed. Initial 
value (b) is added as boundary value, it is outputting as a signal (Y) which carried out the gamma correction, 
and ROM cannot be used, but the gamma correction by straight-line approximation can be carried out to the 
result, and high integration of gate-array-izing etc. can provide it with an easy gamma correction circuit. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the important section block diagram showing one example of the gamma correction circuit 
by this invention. 

[Drawing 2] It is the important section block diagram showing another example of the gamma correction 
circuit by this invention. 

[Drawing 3] It is the important section block diagram showing another example of the gamma correction 
circuit by this invention. 

[Drawing 4] It is the important section block diagram showing another example of the gamma correction 
circuit by this invention. 

[Drawing 5] It is drawing which carried out straight-line approximation of the gamma characteristic curve 
by the gamma correction circuit of this invention. 

[Drawing 6] It is drawing having shown the condition of a shift register with the binary number of 8 bits. 
[Drawing 7] It is the important section block diagram showing the conventional gamma correction circuit. 
[Description of Notations] 

1 Field Decision Means 

2 Shift Register 

3 First Adding Machine 

4 Second Adding Machine 

5 Register 

6 Selector 

12 Adjustable Shift Register 

13 First Adding Machine 

14 Second Adding Machine 

1 5 Boundary Value Setting Means 

16 Selector 

17 Shift- Amount Setting Means 
22 Multiplication Machine 

27 Scale-Factor Setting Means 
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[Drawing 6] 
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H (Y=aX + b) ©*JgB (a) £]|tffEA77l-5x 
/HMMB* (X) li*»Ufctt (aX) 4»fflU *© 
ttJRI^HtmiE (b) «r*JMt£LTJn*U #V-r|tjE 
tfc«# (Y) i:LTIUALT^5„ 
[0 0 0 9] 

jEEH«r8*l»cRW1-6. Hi. 02, H3*Jj:tfH4 

[0 0 l 0] n£ttvt-C, l Ma»Sr«*^to* 

5?*/HMMt# (fetS^-) ScOW/l^XAOASK 
~ u^wjiJ xe©e ®i&© 5 o©S|J&© if oflttdfeS 
AvMWrLTV**. 2CMS3&©8 ify hfl?^©«>7 hu 

«*S c b*tiij3-rZ>>7 YW*9 2 b, 1 try hT 



(3) 

fittli/^ M.Tl/2f&<Dif-5§-S c c S:ffl*-*-5S/7 b 
U5>**2c. 2f y hTttlw->7 b 1 / 4 f&©fg 
^ScdS:WW5v/7H'^^2d, 3 tfy HTfi 
b LT l/8f&©fg#S c e £UJ7J-f 5>->7 Y U 
*^#2efct«*LT^5. 3 »*— ©JOWI-C, ttt 
IEv/7 b U-^^ 2ai<jroScat->7h U-^? 2 
diDfflSedt SriD»f5iD»*!l 3a, ScbtSc 
e SriD^i-5JDSL*a3 b , ScciSce «rJDjM"3iD 

mi s c-c«j*u-cv*5. 4 ttm3©io@$-c, atrial 

to — ©;&Dgfl83 b©ffi7j<t, Mffll/^? 5 b©£H7lSr 

Aun-sfiOMM b. m-roinm«i3 a ©mat, mm 

<D\si?*95 c<om*SriD»-t5in»«4 c, m—coua 

SjttlgttUd. ^-(OiD^3 c©tt!73i, ftlOV^ 
^^5e<Dta73SriD^-r5i0^tS4 •fPiJtttV 

s. 6\i±u9 9^. mMHmmtt i .t ip 

±9«HEai-«)J0j|t«3c38j:^ *-©aoJHl4b. 
iDJMUc, JDg«4d, flOSSUgU e«k<9©ttl73&3ttR 

20 to o 1 1] ■2fcj3v»-c, hi t^zmm<ozf 

uy9K.n— iE^tLT**"}, 16ltt^#1?, MB 
«WWW*» 1 i 13 ©flT*li*-3V»T«IIE'>7 b W?* 
*2©»*£fc*&StRLTffi;*jLT^5. 13tt&- 
©JPIWI-C, mU±^9 9 1 6©ijRt5i/7M/^ 

3t**-e, me««nw^ft 1 <t ►> ©fi#fc ± d i5r£© 
5. i 4 tt*-©Aojw«-e, ttrE^^fit^^^s i 5 ± 

0©*fll«[S yfc*-OlllJW|l 3rotb7jSriDStLT^ 

[0 0 12] 0 3lw^oV^T. Hi, H2tl^C« 

ffiro^n y^ttW— UTfcO, 12«8lfyh* 

h US?** 12a tf5~©i/7 h*"5r*'>7l* U 

•^^i2b t-e*rtU WIE8 f y vm^L(r>"f f J'9/v 

WMt^WfteOM'^y h UT^5. 1 7145^7 bm& 
JE^ft-C, BllfE®««»r^S l «t 9 ofOHA^-C J: 9 H 
IE->7 YW^l^yy Y \sVx9 1 2©#*©->7 h»Sr 

40 [0 0 13] H4lC*JV>Ts Hi. H2, H3 t 

1 <t 9 ©*JW«*lc J: 9 MfE^gL«t 2 2 T**»1-5ff« 

[0 0 14] GLheflMtKttV'-C. o#*tc*©«if^Sr|ft 

S©tScS;XA=0~5 1 1 XB = 52~102, X 
C=103~153, XD=154~2 04. X E = 2 
so 0 5~2 5 6<D5l<D&mz&mL. *9>9t*AtZ*itt 
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5ffi7J«ri£#<itO, b2, b 3. b4, b 5 £ U5£0 

mmA\z&rtz>m.m (y 1 = a ixa) ©^a 

l£0. 6 2 5, WCBIwdsrtSlBDR (Y2=a2XB 
+ b2) ro*)Ea2il. 1 2 5 , ®J$C »ij3»t5ili» 
(Y3 = a 3XC+b 3) ©&)Ea 3 £2. 2 5, 1% 
Dl^*ilt5ij» (Y4 = a4XD + b4) ©*)ffia4£ 
1. 1 2 5, W^EKSittSiUil (Y5=a5XE + b 
5) ©£)iEa5£0. 6 2 5 t U r©B£©^fHt : S: : & 
* , b2 = 31. b3 = 88, b4=202, b5 = 2 w 

5 9 k&i£i-i>o v^, A^i-s^^/v-WHftfi^s c 

©U/<;uiix=6 0T'fcofctt5i: > WttSINr^gk 1 
tt, W^i!XB= 5 2~1 0 2 cD^ijcB-?& Salter 
L, irv^easfg"©^^ b©£H;*j£iURUi7JL 
BP*>, '>7 M^**2 b©fcH7jSc b = 6 0 

iZz/y 2 e©ttJ7jSc e = 7*mw.i<itm— 

©*Dj**B3 b©ttl7jS 3 b = 6 7K>^:** 5 blciEtgi 
■T5b 2 = 3 l=Sr^-diD^Ct84 b-CAD^tU Y 2 = a 
2XXB+b2=l. 12 5X60+31=67+31 
= 9 SSrtti^L-CV^o H4f±*Ww*i»t5'>7 h Ui? 20 
**©#ffi£8 iTy MD2itfi:T**LfcE-efc5, #0>J 
©<i: 5 CAAtSf^^'/i'ftMtS c © U^</M5 6 0 

(00111100 B) fclfc'y h±ffi|-->7 
<t x 2fg©l 20 (0111000B) i2fl^l 
t** HT<£(-->7 b-TSi:, l/2f©3 0 (00 0 1 
1 1 1 OB) K#5„ ##]©*§£•«* Tffilw3f y h-> 
(00000111 B) &#TV>5„ 

[0015] «±liS 1 ©:7*n j/ *ia©ft)f££tfc9! Ufc 

*«, ot*iw, ig2©»^i;Lo^Ti3i:0j-T?ffteji-t-5o 

o/ttirSi:, f|4£*|0r?til: 111* U"</U-;4SXB=5 2 

~i 0 2(nffl$.B-?b>z> ££J»rU -tut ?i etf-yy 

hUi?X* 2 d©ffl7jff#S c b =6 Ot *yV M/-^ 

<oto&m 1 3 ttiMa-fc i/^^ie assftaj^-t-s s c b 

= 60tSc e = 7 irfciDgLS 13 = 6 7«rtfcl7jU 
%-(VW$m. 1 4 KA7J LTV^ 0 jMMIRSf 
St 1 5 «mCfi«WNr¥at 1 ©WW»*©«*B«*fc 
±0b2 = 31 SrfEtt-rsu-v 5 ^^ 15b £iI#ltiJ73 

4 iifi5iES-©ingLSi± tj s 1 3 = 6 7 &ftjMut£ 

?gl5iDOb2 = 31 SrAOg U Y2 = 67 + 31 
= 9 85rW^UTV>5 0 

[0 0 16] oriC, ia3<D^K0VNT|l]C#jT?!fc9! 
-TS, A^i-Sx^^^Sfe^lt-^S cOV^A^ 

(5 2~10 2) ro®^B-C?*>5t«*fL, $#IJ»rfH§- 
«WEBfcS<tt*T\ >7 hSta^gl 7^«v-7 h&SJ 
3£->7M^-^^ 1 2aW->7MSrO, hfi"5J^ 
•>7 h Ui^;** 1 2 b©->7 Kfi£3l;:8:3£L-ti^5 0 so 



6 

lot, i/7 H0©->7 hU-^^? 1 2 

a^P>«m73{f^-S c 1 2 a = 6 0 Sr. hfi3©'> 
7 h 6*1^7 h Wv 5 ** 1 2 b^fj«ttJ7jft-^S c 1 

2 b = 7£ffl^L-CV>5 <> ^-©iPiC«l 3«WfE->7 
h*^T*S/7 hU-^^ 12a ^P,A^i-6tib7j(t^-S 
cl2a = 60t->7 hl:'5I^v'7 h \/\>*$ 12bA> 
PjATj-T-Sttl^ft-i-S c 1 2 b = 7£2UlgU SI 3 = 
6 7«r^-©iD^«l 4ICA7JLTV^5o 

1 5 l4«HIE«gl«49JWf^® 1 oW»WS*o«*B 
fillet ►) b 2 = 3 1 «rfEti^-5w^^^ 1 5b£it# 

aau ^-©in#«i 4ica^lt^-5. m~(omn 

mi 4I4WIE»-©1PJH1J:5 ©s 1 3 = 6 7t«J?tt 
8*5£*S 15iOOb2=31 fcAOg U Y 2 = 6 7 + 

3 1=9 8^m^U-CV^5o 

[0 0 17] o#'|c, S4©#-g-lcoV^Tf^Dfi9JT-SiPJ 
<^$, A^r5f^*/MBli&{i#S c©W</M5 
6 0ffcofctt5i> ®«c*lJ»r#S 1 tt> l"***X 
B=5 2~1 0 2©^tSB-C*>5i:*JWfL. IftSlffHt* 

«b*b^s<5v>t, «^i8^S2 7tfm&m2 2\cm 

It5Ma2 = l. 1 2 5Sr^L-CV^5 0 ^«2 

2tt, tfilEA^i-ST'^^/w^ft^-s crou-<^x = 

6 0 IC X fffEfiF^K^S 2 7 ©Rfci-SflF* a 2 = 
1 . 12 5 £Sfcg U *©*§* S 2 2 = 6 7 £;&ng« 1 

4icA7jl-o^. «^«tgi:s^si 5i4Stria® 
mm^st 1 ©w»is*©««Bflr-§-fc± 0b2 = 3i 

I'-^^lSb SrS^UiTJ L, iPgt« 1 4 1= 
AtjL-cv^o in#« 1 4 ttttflSJMMft 2 2 X 9 © s 2 

2 = 67 tMRm®tt& 15i90b2=31 SrjtlD^ 
L % Y2 = a lXB+b 2 = 6 7 + 3 1 =9 8&UJ7JL 

[0 0 18] 

a«U WfEA^-r^x^^/uWMRft^^iWIBS*©!! 
«E©v^n©fl«lc^*ix^*^i|iiJ»rL, ^©lUffilc^ 
JCSi-^ilLiS (Y=aX + b) ©^3E (a) S:tfrfEA7J-f- 
5r^^/H!*gift# (X) IcSlgbfcil (aX) Sr^tti 
L, ^(Df^m^mm. (b) Sr^lSlffit LTiD^L, 
>"v«iE bfcfa^ (Y) t UTtii^LT±3"9, ROM^r 

[01i©fBf*^3iW] 

[01] #%eJHc£5#>^ffi:E!gi8©-3li&CT&^1- 
[12] *%Wlwi5^^-TffiEIUK©SiJ©IIJSWSr* 
[0 3] *^P^lci5^>-^ffiIE[llK©S'J©SJfiMSr* 
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[04] *&wiz£z#y?ffijEw\&v>m<z>&fom&^ 
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[06] 5/7 M/5^*<0:|£fl8«r8 try h»2il»-e^ 
[0 7] '&*<D#^T&iE®®Zmi-&1&7nv?®-e 
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1 3 m-<D)}Q&m 
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